Abstract: This work presents a novel approach for modeling of different types of contracts that a company may sign with its suppliers and customers. The main objective is to expand the scope of current planning and supply chain optimization models by including the selection of the types of contracts as an additional decision. The solution approach relies on representing the decision of choosing different contracts using disjunctive programming for both short-term and long-term production planning models. The resulting formulation is converted into a mixed-integer linear programming (MILP) problem. The advantages of the proposed models are highlighted in two case studies of increasing complexity.
INTRODUCTION
Examining the ever increasing literature on problems addressing the planning of production facilities and Supply Chain Management (SCM), it can be found that there are many issues related to the management of the relationships between a company's Supply Chain (SC) and its customer and suppliers. In particular, the signing of contracts is a common practice in the business world through which the company aims to accomplish two objectives: to reduce uncertainty by planning capacity and ensuring a certain sales level, and to take advantage of the discounts for purchasing materials in large amounts. We propose the modeling of several types of contracts with the external entities of the company, both suppliers and customers, which gives the opportunity of improving profitability.
PROBLEM STATEMENT
In this paper, we consider short and long-term multiperiod production planning of a chemical SC network. The network involves NP processes, NC chemicals for which NI inventories are kept over NT time periods. Information is given for different types of contracts that can be made for purchasing raw materials and selling the products. The objective in the short-term planning problem is to determine the types of contracts for the purchase of raw materials and sales of products. For the case of the long-term planning problem, we consider the possible capacity expansion of the processes. We consider various models for the supply/ demand that involve different contract types which include various types of discounts depending on the volumes and lengths of contracts. We assume that all the information is available in order to formulate the problem as a multiperiod MILP model.
Contract models for supply
First, we assume that contracts are made only for supplies. The treatment of demand is entirely analogous. The types of contracts that will be considered when purchasing raw materials from suppliers include the following: (1) fixed price, (2) discount after certain amount, (3) bulk discount, and (4) fixed duration. The treatment of demands is entirely analogous. A fixed price contract simply means that we buy raw materials in any amount at the current market price. The cost of purchasing raw materials in the discount after a certain amount (see Figure 1 ) is given by: 
LPAND MILP MODELS FOR PROCESS NETWORK
We consider two types of optimization models for process network, for the short-tem planning problem and for the long-term planning problem. In the short-term planning problem we consider the scheduling of purchase of purchase of raw materials form suppliers, ,cT production of products of each process with fixed capacity, inventories of each product, and sales of products. In the long-term planning problem we consider the optimal selection and expansion of processes given time varying forecasts for the demands and prices of chemicals over a long-time horizon.
In the short-term planning model, the operating profit is given as follow. 
where REVj' represents the revenues for selling product j at time t under contract type C.
For the disjunctions under contracts of the discount after certain amount, the bulk discount and the length contract, the convex hull is also used to obtain the corresponding MILP.
EXAMPLE 1 4.1 Description
The example problem in Figure 6 is solved to illustrate the performance of the models in three cases: (1) short-term planning of the production of each process, the inventory of each product and purchase of raw materials with no contract, (2) short-term planning with contracts only with the suppliers, (3) The system is a three-process network that manufactures products D and E from raw materials A, B and C. We use a 6-month planning horizon. For the purchase of the raw materials and the sale of the products, we consider the four contracts described previously in the paper. The prices of raw materials and products in each contract are not presented given their great length, but they are available from the authors. We assume that for process 3, 83% of converted C makes E and the remaining 17% makes B, and that reactants A and B are fed to process 2 in a 10:1 ratio16.
Existing capacities of each process are 27, 30, and 25 tons, respectively. In this example, the inventories and penalties are considered for simplicity only for the product. The upper bound for product demand varies with time period.
Results
The extended MILP problem is modeled using the GAMS modeling language and solved using the CPLEX solver on a 3.20GHz Pentium PC, with 512Mbyte of RAM. The computational results are shown in Table 1 . Figure 5 shows which contracts are selected to purchase the raw materials in case 2, and Figures 6 and 7 do the same for suppliers' and customers' contracts in case 3. In both cases, 2 and 3, raw material B is not (3) choobnzn116 bethyene (4) |only considered phenol (17) ethylene (4 ) in the short-term styrene (18) acetylene (6) L&e thanol (19) acetylenmonoie (6 ) r acetic acid (20) carbon monoxide (7) vinyl acetate (21) ethyl benzene (8) acetic anhydride (22) naphtha (9) ethylene dichloride (23) methanol (10) Intermediates ethylene glycol (24) ketene ( As can be seen in Figure 8 , the process networks use as inputs the following chemicals: hydrogen cyanide, propylene, benzene, ethylene, ethylene oxide, acetylene, carbon monoxide, ethyl benzene, naphtha and methanol. The outputs are: acrylonitrile, acetaldehyde, acetone, cumene, isopropanol, chloro benzene, phenol, styrene, ethanol, acetic acid, vinyl acetate, acetic anhydride, ethylene dichloride, ethylene glycol, formaldehyde, byproducts and also methanol. All these products are assumed to be stored before selling; therefore, in the short-term it is necessary to include the inventories. Finally, there are two intermediate products: ketene and ethylene chlorohydrin.
The products manufactured can be sold to the local and to the international market and the raw materials can also be bought from the local or the international market.
This introduces a new subscript k in tjtk Sjtk, (jtk and P tk. k accounts for local market and k = 2 for international market.
The four case studies are the following: Case 1. In this case, the short-term problem is posed along a horizon time divided into 10 months. There are no investment considerations and the purchase of raw materials is performed directly, without contracts. Case 2. This case is a modification of case (1) but with the possibility of signing contracts for the acquisition of three of the main raw materials: naphtha (Naph), ethylene (Ethy) and acetylene (Acet), in the local market. Case 3. In this case, the problem is a long-term one, where decisions on capacity expansions are included. The time horizon covers 4 time periods of one year each. Inventory considerations are not taken into account and the purchase of raw materials is performed without contracts.
Case 4: It is also a capacity expansion problem but with the additional feature of allowing the choice of contracts for naphtha, ethylene and acetylene in the local market. For the contracts, we consider those types described previously in the paper. Data for these problems are not presented given their great length, but they are available from the authors.
The LP and MILP resulting problems are modeled using the GAMS modeling language and solved using the CPLEX solver on a 3.20GHz Pentium PC, with 512Mbyte of RAM. The computational results are shown in Table 2 . Note that in this case the computational penalty for handling the contracts (cases 2, 3 and 4) is rather modest compared to case 1 that only handles fixed prices. Figure 13 shows a comparison between the NPV, the investments associated to the expansions and the costs in both cases. Again, the higher NPV in case 4 is due to a larger sales volume. This is evident from Figure 3 .14, by comparing the percentage of demand satisfaction. 
CONCLUSIONS
New models have been presented in order to expand the scope of traditional models for the planning problem of a chemical processes, by considering the option of signing contracts. Four basic cases have been considered: fixed price, discount a certain amount, bulk discount and fixed duration contracts. The proposed models were applied to both short-term and long-term planning problem, and for both suppliers and customers.
The results have clearly shown the benefits for the cases when the models were applied for the contracts for sales to customers. In the case of contracts signed with suppliers, direct benefits can be derived to the company, even in the deterministic case, owing to Time periods
